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DRIVER OF BRUSHLESS DC MOTOR 



Abstract: 

Abstract of JP8331 883 

PURPOSE: To detect a rotor position always accurately without being influenced 
by the variation of a rotation frequency and a load by a method wherein the rotor 
position is detected in accordance with line voltages between armature windings. 
CONSTITUTION: Line voltage generators 50a-50c generate line voltages 
between armature windings in accordance with terminal voltages Vu , Vv and Vw 
. The line voltages are amplified by amplifiers 80a-80c. A comparator 66a 
compares the output of the line voltage generator 50a with the output of the 
amplifier 80b. A comparator 66b compares the output of the line voltage 
generator 50b with the output of time amplifier 80c. A comparator 66c compares 
the output of the line voltage generator 50c with the output of the amplifier 80a. 
The outputs of the respective comparators 66a-66c are used as rotor position 
detection outputs. With this constitution, the rotor position can be detected 
always accurately without being influenced by the variation of a rotation 
frequency and a load. 
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ft 3 (S¥ttiISSt®E! E d © E d +fflj&* IM4 E d -iJ 
256*i:oTt»<fcW *^»JT'tiE d-iJ^S^P 

[0 0 5 3] zftbemfWEtoBt^Tfrt 

5o 08 ti, 7*7^X0 C^-* 4 OtfeWSJiftO 

g©i§£©m m wtaoasesft caserns) e 

a , eb , ec t fg»j{I^£:©ll5&£^t0T&5„ 

PlHOBffcO-ffi^ *-fti:&S&3N$l©ffi£ 
©H8©2^©h7yy*X*©&?W®jLT^3o ft? 
T, &ffl©$?€EtCfct lHJWl*iT*2@ (ttMftT'6 
0KEBW2lsJ) % PffJj^NlSIMfi©^^^^ 

[0 0 5 4] tuts rjsftj ttt, xr-*©s$?#£ 

[0 0 5 5] CC-C, M»JWHOf-3 yJtytifVm 

-Tb- ftm&l$0*ffi@R&^'r@&B'?&£. [sin 
fc**\fc3fc, Ta+ fcTb- KMMI##A*l*tU 
Ta+*^Tb-CfSi* ! #It^ H3l**UlBfc 
V*Btf*lLfe^ay^yi**fiSt*. C©^ M 
JWIT**Wffl©*F«EEVf ttttT©*3fc***. 

VCEfi, h7y$>**©3U**-x'»y*igfSjfi]«BE 

[0 0 5 6] *-f , «« i *»»n«;b-y*»53J?a««ja 
fits. 



'fflj 30 



(6) 
(7) 



(8) 



(9) 



CCT\ HI 0 (a) {C^fcfcoJC, mSMtltl^ktt 

mtlec ffOVt%ZP&tti6.~eit. ea =-eb Xfift 
Vw =E d/2 + ec 

n©f-3 7^ , pt)f-3-y7 , *>i^"efentf±ie (1 0) 



*3©T* (9) ^SO«tatft5o 
[0060] 

... (10) 

[0061] $p.{c±tB (10) mmm-n 

50 E Vw tt % mS9M E d © 1 / 2 ©Ifi^S^tC, jfig 
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EVw tfEd/ 2 (ec = 0fc&3B&&) 

, 1ft 0 &<»m&£ 0 HMft X 3 0 fiiiA,£fctti 

Vu =Ed-VCE 
Vffl4S?«EVv 14, 

Vv =0 + VCE 
tftoT^4, 010 (b) fc^TJ:olc, Wfflfcfl? 

Vv -Vw =-ec - (Ed/2-VCE) 

Vw -Vu =ec - (Ed/2-VCE) 



(7) ^¥8-3 3 1 8 8 3 

12 

* [0 0 6 2] C©BMMMmtEVw ©££«*) 

C©0lj©i§£, WtBOBSftjfiK*, ffi©u, V|g©?-3 
•y^^OUtt <r&fc$, Uffli8?SEVu 14, 



... (11) 
... (12) 
. (13) 



(14) 



£&3 0 ±k (i 3) a, (14) ate wfttec 

= 0£ftAU£gtt;>jec ©P££*a6££, - (Ed 
/2-VCE) ©j&T, Vv -Vw £Vw - Vu 
-fSo -iRtVCEtt/J^ftflT'feO, (1 3) it (1 
4) i£0M£K£3:ftTV5fci&ec ©Pj£©fctiifCtt 

[0 0 6 3] 3Mc» Hu2Ufcf-3y*y«F©iSse€^* 

*JfflLfcn-*ffitIfcai¥&4 4KO^TSiWr«o E 20 M 

l iti, n-*{fcKfcHi#g4 4©«jSW***lli&BI Hi 

[0 0 6 4] PIHfcjjVfJ:^ Xr-2 4 1 ©&*g 
«4ffi©4STF«IVu , Vv , Vw 14, Wfft, 

% i ofin«E£j£#gt 5 o a , tn 2 ©gnats 

f£5 0b, »3O»B«ff4lS¥a5 0clcA**n» 
MUEVw-u , Vu-v , Vv-w fcg«|;£ttS„ 

[0065] wvmmmt. znzti, % 1 ©£ii 

#138 0 a, £2©JtH#g8 0b, ^3©««¥®8 

octcA^n, cne^^iss o a, sob, so 30 
cfre>wt caw t. jneMinwEE£ii#a5o 

a, 5 0b, 5 0cfre>©{f*f (tfJ*) 14, S 1 ©Jt« 
#g 6 6 a , 8 2 ©Jt«¥S 6 6 b , 3! 3 ©JttS!¥S 6 
6c£AfrSn*o 8(iffiJi«¥&6 6a, 6 6b, 6 6 
cm cft&*iE»tt8L£v\ £ft0£©Ktt£J: 
*)&*&fcT?3 o£W±l^£n-*4 2©«ffi{fcll* 

tftiau ^©a-^4 2©{siifii{cwis-r§fi^ (oi 

SttHiS) Up, Vp , Wp *£jff*J5o 
[0 0 6 6] C©0-*4 2©«ffifiHIiI#Up , Vp 
, Wp (4, D-2fcg&ffl?&4 4A^8ftitiJW#S 40 M 

4 stcA^n, mrnmrn 5«, *©«ffiftim $1 

[0 0 6 7] #fc, &|g|iB3E±J«¥K©«JK*sJ:tf»l 

[0 0 6 8] % 1 ©«Htt£E±J«#a5 0a(t ffin5 
1. 5 2, 5 3, 54t, «MHffi5 5i:-e«lJS£ftTV 

[0 0 6 9] *LT, Uffl©iffi?tEVu i:W*S©iS? 
«EVw (i, C©!g 1 ©8ia«E£j8¥85 0 a tcAft 
(fllftn) £tU><> 50 



[0 0 7 0] T&b^, 4S?«EVw 14, SM5 \ 
LT*WB5 5©+X**»?KA/J*n, «?*EVu 
ii, Jg#[5 2£ftbTt§Hi§5 5©-A«^{CA^5 

n, u«twt*wfi©*F«Etfa*sn*. 

[ 0 0 7 1 ] c ©^ 1 ©8F.gSE£jS¥8 5 0 a Jg 
ft 5 3*MN888 5 5<Dmmt-kt>1i%=?tO®lC& 

«*tu m.5 4 m^m 5 5(0+ xtj^t^umn 
e d ©MiJt^mit-s «fc o ic&mznrc. i^b^sM 

Kl«*BilT*a6«o fi*i5 l=g*i5 2 = R 1. 

&l/i5 3=&}n5 4 = R2i:ir34:, 31 1 ©JSHSWESE 
f£¥&5 0a©tfi*j (WE) Vw-u {4, 
Vw-u =R 2/R 1 ♦ (Vw -Vu ).. . (15 a) 
£&3o tS*fcl/C, R2/R l©JtT^SSH*B*T- 
£tg 2 nfeWffi - U fflH©«IB«E*8T ^ S. 
[00 7 2] ITOc , $ 2 ©SSSE^¥S 5 0 b 
14, SM5 6, 5 7, 5 8, 5 9 4:, ig*gg 6 0 T*| 

[0 0 7 3] ^LT, Vffl©^?«EVv tUffl©SS^ 
iEVu 14, c©S2©8iaSe:£jff¥&5 0bK:A7j 

[0 0 7 4] tft=b^, ^WEVu 14, fi*i5 6*^ 
LTtHgf§6 0©+A^^tcA*^n, 4S?«EVv 

t4, sin 5 izftixmm 0<D-Xm?lcX1l2 
n, vfflfcwt5uffi©^«E^tHt»$n§o 
[0075] c ©^ 2 <Dm%nft.%.fm® 5 0 b jg 

M5 8A<iWiS6 0©W*iSHFfc-A*#Ffc©iaHctt 
RSn, fiffi5 9tfHB86 0©+AaiB?fr6iI8ii« 
Ed©M1^^-r§cfc^{;:^^ti/c, v^^§M 

«|JifiST'»5o C C T% fiM 5 6 =WsK 5 7 = R 1 , 

miss =mk 59 = R2t-r^i:,^2 (ommnESi 

)S#IS5 0b©H}^Vu-v (4, 
Vu-v =R 2/R 1 • (Vu -Vv ).. . (15b) 
t%5 0 ^SfcUT, R2/R l©JtT'^$§itti^r* 

*«*nfcu«i-vffi nooiinmE&HT ^ 

[0 0 7 6] rafiltCx H3©«I8I*E±J«¥S5 0 c 
tt, 6 2, 6 3, 6 4 4:, igtiig 6 5 i: xm 

[0 0 7 7] ^LT, W«©*f«EVi i:Vffl©S&i? 
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HEVv It, C©SB3©«IBntB:£jS¥g5 0 cicXf] 

[0 0 7 8] t%t>*>. iSffttEVv fi, 1 £ft 

LTig*S§§6 5<D+Xm?lcXtl2t\, S7«EVw 
fi, &ft6 2£ftLT^§§6 5©-AMfi i {cA;>3$ 

[0 0 7 9] C©g3©»ttE±$3M=£5 0c^ jg 

fit 6 3 6 bm-hmt-xm^tm^ 
wzt\, m6 4^*§t§6 5<D+xm?frt>mm 

iHEdOMiJfc^t2.<fc9(c^^ti/c> t>fc>tf>5M 10 
ijt|*ig§Tfe§o CCT\ ffiin6 1 =£tf[6 2 = R 1, 
m6 3=m6 4 = R2 tt%t, ^3©»«E4 
$^I§5 0 c©£iJ*|Vv-w (i, 
Vv-w =R2/R 1 • (Vv -Vw ) . . . (15 c) 
t%Z>o &%tlX, R2/R l©ltt'£*3ifflB¥T?* 

Vw-u(gain) = (1+R4/R3) • 
t%Z> 0 B%tLX, (1 +R 4/R3) <Dj±T-£i:3 
ti*S^-eim§2tU Vw-u <Vw-u(gain) i^^m 
E^fitt/^o 

[0 0 8 2] PitLT 1 ^2£D^€E^¥S5 0 20 
b©Hj*jVu-v It, Sl2©t|*g#g8 0 bf^A^tl 
§o ^2<Dtiitil¥IS8 0b(±, gtf[8 4, 8 5£, ig@ 

Vu-v(gain) = (1 +R4/R3) • 
t%Z> 0 &%£LX, (1+R4/R3) (DitXfetZ, 
m^Wl^n, Vu-v <Vu-v(gain) £&3»lt 

[0 0 8 3] mm^LX, ^3<DMm^¥l35 0 
c©tttf]Vv-w ^3(Dtiili¥l58 0c{cAtl$tl 
3o iS3©igif§¥S8 0 C&, Jgtr[8 7, 8 8 t, J@4S 30 
»8 9fctf«*«*lTV^. *3©J«K«* 

Vv-w(gain) = (1 +R4/R3) • 
ZltZoB&tlX, (1+R4/R3) ©JfrPfcS* 
JtMWPJtlBSfU Vv-w <Vv-w(gain) £&£$iflutt 

[0084] #1^ zim^mmmcD^TWimcft 

[0 0 8 5] ^l«fS66am 3S2©i»g$ 
&8 0b©HttlVu-v(gain) £% 1 ©fflWIE££¥£l 
5 0 a©ttjftVw-u ttfit$$£ft, Vu-v(gain) ^Vw- 40 
u ©B^fcLowttE (n-U^;KD«E) tftH©£tU 
Vu-v(gain) <Vw-u ©BffcH i ghlE (M-fU^/l/ 

©he) m&sfu auckvwMm mmim 
m) up tf&ssns,, 

[0086] mmzix, »2©it«#S6 6bm 

»3©«MB¥S8 0 c©|ij*jVv-w(gain) £$2©tt(li9 
«E£$¥£85 0b©tfjftVu-v jWt«£ tU Vv-w 
(gain) ^Vu-v ©B#{c L o w*EtftfJ©£n> Vv-w(g 
ain) <Vu-v ©BffCH i g h«EWtift£tU 
JO/WXfit («ffiffiimt) Vp tf£$£ft3o 50 



(8) 1#P¥8-3 3 1 88 3 
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* *fi£ftfcvfi-wfflra©«imtffi«»T^*. 
[0080] mmmvmm&mmc-D^ 

[0 0 8 1 ] % 1 ©ttia*E£jS¥85 0 a©tii*)Vw- 
uB, Si ©iiH¥IS8 0 alcXtiZtlZo % 1 ©ti*i 
#88 0 ati, £M8 K 8 2 4:, ££88 8 3 fcT?flUS 
SftT^S. £l©Jffi¥S8 0aM:, fifflE 

% 1 ©ttHMffi£jS#S5 0 a©ffl;bfffitJgffi8g8 3© 
+Art«mc8«StU Sin 8 1 ft<«MBS8 3©-A* 
#Frt»5iS86W6 E d ©tlfflfcfttfitS «k 5 t»«S 
ft, «trt8 2««li*«8 3©HJ*«}?i:-A*MHFi:© 

fifit8 1=R3, jgM8 2 = R4£1"3£, $l©iMB 
#S8 0 a©tJH^lVw-u(gain) tt, 

Vw-u ... (I 6 a) 

X 8 0 b tt, 2 ©»HE£$¥K 5 0b ©HJfcfflJ 
*»«MI»8 6©+A**Ft»«**U atft8 4#««WB 
$8 6©-A*«?*»6iI«WilE d©ft«fc»«!!t* 
<fc?tc&|^ft, 8 5 tfigfBS 8 6 ©ttiftiS? t - 

§o CHX\ Jgff[8 4 = R3, lgtf[8 5 = R4£"f5 
fc, ^2©^I¥S8 0b©tH^Vu-v(gain) 
Vu-v ... (16 b) 

★ 8 o c a, mieu 3 <DtmmE±m& 5 0 c ©wains 

*WHH8S8 9©+A^iS : ?{c^$n, £tf[8 7*MM 
»8 9©-A**F*»6aaW«E d©ailJKS«i-rs 
«fc9tcfi!S5n, fiffi8 8ffJMBS8 9©lMji|*fc- 
A**Ffc©Mlc«K«nfc, l^SIWg&CS 
§0 lcT\ ffin87 = R3, SM88 = R4i:-r§ 
£3©tgi|i#l§8 0 c©atfjVv-w(gain) ti, 
Vv-w ... (16 c) 
[0 0 8 7] mmcLX, m3©Jte¥S6 6 cT*tt, 
$ 1 ©titi¥IS 8 0 a©tH73Vw-u(gain) ^3©f8H 
«E4JS¥S5 0c©tH^Vv-f fcjWttfcStU Vw-u 
(gain) ^V¥-i<D«fKLowtEtfmWn, Vw-u(g 
ain) <Vv-w ©BftcH i g h*EtfHj*j£tt, Ctllc 
cfcO/^l/Xff^ (OTiSfg^) Wp mfi&tlio 
[0 0 8 8] #lt$$¥IS6 6a, 6 6b, 66c 
4:LT{i, ^n^n, 3>/<U-^ISf©JtttS* 

[0 0 8 9] 01 2«, Sl©tk$$¥IS6 6 atCiO, 
S 1 ©»lffl«BE4lsR¥g 5 0a ©ttS73 Vw-u 4: . ( 1 + 
R4/R3) ©4NB*-p*fi3ftfc$2©JMB¥380 
b©ai^Vu-v(gain) i:*lt®L/c:4:f ©a-^fuS^ 

[0 0 9 0] |p]|ifC^t<fc9{C> £HfrP>;±U £T'©$ 
M («*ft6 0S) ^OTalT'fe^o Vu-v(gain) tf 

M-t *7fst& j ^jift o m*7rsf 0 c © * j 



(9) 
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tiHUfaZMftettZt, Vw-u £Vu-v(gain) t<D 
[009 1] 

9= {A/ (1 +A) } • 60. . . (17) 

CCX\ (1 7) j£.$HDAlt, %^m%*t 0 ±IB (1 

7) ^e>ti^$A(e<J;oTjift e^a^^n^ci:^ 

W5o ma. a = i ©i£, mm 9 = 3 ogi?^? 
ft§„ gfc, A=2tTftt£, mfHe = 4o&t%*). 
®mcv-*mmmm immxmn3om 
±fc) is-esettf-et^o 10 
[0092] c<Du-^&m^tbX'it. munxmne 
zzo&uimts&oicmfetzotiWZK, 4o@ 

[0093] u-t&mmviiLmmm&ofcmz 

ft lei 9, Mz.lf, 7yi/lsZVC : E-lii<DmW}%WZ 

[0 0 9 4] Hi 3(i, Hi l fC^t [H]8SH^C:io^t3& 
^©{i^$J££^^1-*^57^*-^T•&3o 20 
11 3^, Vw-u(gain) , Vu-v(gain) , Vv-w(gain) 
ti, ftlftl, i§tS$A^4fgi:Lfcl^TxLr^ 

[0 0 9 5] ?lc, n-^f4g^tii¥IS4 

mimimvp > v P , w P #£$£ti3o 

[0 0 9 6] CCT?f#P>ft/cfiifE3 0gW±lA/CVS 

fi^tup , v P , w P zmicir. *-*©&i4ic-a- 

©£^5 77"£m£©lft eSTS^tfSci^o 30 

[0097] ^7h©77?£tLm #(cpst sn-f, 
[0098] ->7hfitt» @ea©#, *S 

H 5 ©fi&£$J£f 5 «fc 9 Kt-* «»MlK#it;«*r 
^77 hfi*nTS?*Si: fcA^T'f 5. l^-fftKfc^T 

[0 0 9 9] 2 ) WTfc*8E©g«0l 2 (CO 

[0 1 0 0] HI 4(i, *&#077'>l/;*DC*-* 



¥f?$¥8-3 3 18 8 3 
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^^•rai^HT'^^o 

[0 10 1] HHfc^ti^t, C©D-#{£g&tfJ? 

<DfHio>mmmoz* ^©ti^gsob, H3 
«iiifi¥g8 0ctc, ^tve'ft, gi^v^oix. 

¥S9 0a, S2©y>ry«DM^g9 0b, 113© 
^:^9&*¥®9 0c£&8Lfct»©T-S<5. Cft 
6^V^W*)#K.#S9 0a. 9 0 b, 9 0 c fi, ^ft 

lEWBU^S 1 0 1 ©iB^L 1 tS-cJ^T. m^©*^ 

[0 l 0 2] #fc, t-^BljtaWE^Wg'JtSHiJnWE 

w»j#a i o i oftfffc-3ir>Tffaica^«. b i 5 
a. wix\w±$\m& 1 0 1 0ttj£ffl«j*r@aH-?& 

[0 10 3] *-£©01|jD*B±, PWMfa 'y/^Jj» 

[0 1 0 4] HI 5{C^t<fc^tC, Hft$^£[H]Sg2 0 

$£T§m^l±V0£, o©H£j$?§£[Hlgg2 0 4© 
Hl*i:^Jt«S2 0 5 fc Aft 2 ft, Kit®§§2 0 5 (Cj; 

0, WE«^«EV0i:=ftJS»4igB2 0 4oa^i: 
*<lt« 5 ft , ffiSOr a - f J it fc WlSt 3 J&Bttffm 

[0 10 5] m90ra-rY Jt*ft^ 

**fc*«EV0tt, Jt«S2 0 8fcfeA^SftSo ; ?" 
LTx H*a»2 0 8t<k0, ^©Jl^ttffVOils ^ 
-OW0tA#a9 0a, 9 0b, 90cO«t)M^ 

5>y*»s-r«a»«ffiv 1 t*«jt««n, h i g 

h*ff*fcti, L ow«ff©t±l^f|^L l^HJ^Jft 
[0 10 6] ft*. ffi£©ra-7Vit*8B£*3#i£ 

[0 1 0 7] #y>r>«?)»A¥ao«i**j:cf 

[0 1 0 8] Hi 4lC^-f<fc9fC, ftKOfSytyt)® 

5>Jt»tt*n, ^2©^V>^0^x.¥a9 0b{i, 
ti9 3i:7tPy^y^9 4^ii5IJfC»a*ft, ^3 
©y-r>«0t*¥S9 0c«:, fflri9 5£7+a77> 

7t 0^*7^7^-9 2, 9 4, 9 6(i, €-^01J!in«E 
*W»Jt*WiPttEWBiJ¥g 1 0 1 ©Hi^fl^L 1 fed; 
oTTOc^y, *7U Cfte.7tay7^7^9 
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2.9 4, 9 6<D*y, *7lC£>). Jgftg 1 x 9 3. 

9 5 mm, immtZo 

[0 1 09] 7i-a?XJv?-9 2, 9 4, 9 6tlX 
it, *yjgft©f5^MOS F ET^VXJvl-ym? 

[OllO] 7* h^XTs'f'y+Ji, L E D 2 0 6©ft 

T*n%$ucimznrcMo s f e t 2 0 7 ^fi&x^ >y 

US L E D 2 0 2 £ h U tf? t -5 £Pto^EW5?iJ¥ 
g 1 0 1 n y-ffM LfcJi3 

#g4 4i:^yF^-i'y^4§77 p U^-^3y(i: 

Vw-u(gain) = (1+Rz/R3) • Vw-u 
Rz = (R4 • R5) / (R4 + R5) . . 



(10) ^¥8-3 3 1 8 8 3 

18 

* [0 1 1 1] 01 4{C7jVr<fc^C, Hl©igiJ§¥&8 0 
alt, Mi8 1, 8 2£, 1M*1§I8 3 txmf&ZtiX^ 
5o £©!£, BMU©^m£fiSc¥&5 0a©aj 
MWif*i^8 3«+A«^tc^$n, &M8 ltf 
ttffilg 8 3 ©- Xtimfr bl^«!^ E d OftiJt^ttjj 

t^^c&^tt, sins 2^11^8 3 mm? 
8 3<Dtb^TFt-A^?t<DrBitc^^n/c, i>b 

10 ^3li]ffiii4ig5tf1M£ft3o CCT\ ®}n8 1=R 
□ -*{ug&tB 3, ffi/[82 = R4, gta9 l=R5fct5fc, ^1<D 
ig$M¥iS8 0 a©tfJ^Vw-u(gain) 



. (18a) 
(19) 



t&So ££H£LT, (1 +Rz /R3) (DttX'fetZ 
ig^XmsZtl, Vw-u <Vw-u(gain) t%%%£mm 
Ettmx^Zo lot, jgJn9 1 = R5£, 7+P?X 

oT (1 9) 5*©£$&tf[Rz £c>Tg£-tt, (l+Rz 20 
/R3) ©ltT£l:3^f§*£g;i3;:£tf-e£3 o 

[0 112] TOcLT, £2©if*§3MS8 0b{i, Jg 

in8 4, 8 5£, igts§§8 6£-e-#f$£n-a^o C© 

Hu!rf?g2©^ftE£>£# 85 0 b©tH7J®J^« 



Vu-v(gain) = (l+Rz /R3) 
£&3 0 i£S3li:LT, (1 + Rz /R3) <D]£X%.%& 
m^X^Zft, Vu-v <Vu-v(gain) tSSSFII 
EfcflTVS. fct, Jgjn9 3 = R5£, 7+a^X 
^•yf-9 4fC<fc^T^l, ll^ilfCtflOlfxSCtfCj; 
ot (1 9) i£©£j£}gjnRz £nJt£-£, (l+Rz 30 
/R3) <DktXl££Z>y$^Z%z.Z>Cti?XZ % 0 
[0 113] TOcLT, !&3©ig*l^fS8 0c{i, ig 
Ia8 7, 8 8£, titSts8 9i:t?^$nTi/^o C© 

miiem 3 ©s^ie^^s 5 o c mtimm* 

Vv-w(gain) = (l+Rz /R3) • 
t%Z> 0 B%£LX, (l+Rz /R3) ©J£T*££3 
HNW?i|ll£tU Vv-w <Vv-w(gain) 
E«1IT^*. ftoT, jgjn9 3 = R5£, 7+D^X 
+ <y + 9 4£J;oTa§ffi, IfWffllcWOS^SCtKJ: 
(1 9) SO^lSStaRz *pI^-&, (l+Rz 40 

/R3) oitT^ss«Mi**^aci:^-e*So 

[0 114] Si, £2, %Z<0>f4yW)%Z.i( 

Vw-u(gain) = (1+R4/Rzl) - Vw-u 
Rzl= (R3 • R5) / (R3 + R5) . . 



6 ©- x-h^fr *>mm e d ©^jKSUfi-rs * 3 
mwmm&zti&o cct% &M8 4 = R3, g*t8 

5 = R4, Jgtf9 3 = R5£:-fS£:, S20t|fi^S8 
0 b©tfj7JVu-v(gain) tt» 
Vu-v ... (18 b) 

★ ia$8 9©+AfliiS7fcSMIcStU fitr[8 7^1i*iS8 
9©-AWI?*»5iIiJltt*E d©ft«K:«fi(!lt*J:d 
tcsasn, fi^ss^sissgotB^+^-AT 1 ! 

o v?9 6t>\ mk 8 8 &$9Jlcigfi8g 8 9 ©Hi 

ifflgffitfflWteftSo CCT% £tf[8 7 = R3, ffitfr[8 
8 = R4, &l/i9 5 = R 5£t3£, 3!3©i^I¥&8 
0 c©tfi*jVv-i(gain) t±, 
Vv-w ... (18c) 

£¥g9 0a, 9 0b, 9 0c£, *tl^tU Si, 
2, S3©«*l#g8 0 a, 80b, 80c©Sft8 

i, 8 4, &i\zm\mthxmmc.mmit&x.% 

CttfX'% §0 

[0 115] u©i§£, Sll©it*i¥a8 0a©Ui*V 
w-u(gain) It, 



. (20) 
(2 1) 



fS£fcl/T. (1 +R 4/Rzl) (DltXfeZZ 
mti%mX1$<i%2n, Vw-u <Vw-u(gain) 
EE*»TV*«. lot, fi$i9 1 = R5^r, 7+P^*X 

yv99z\z&r>xmm, mmicwomzztio; 

oT (2 1) S©^lSfitltRzl*prSE**, (1+R4 
/Rzl) ©ItT*^* fc^TftSo 



50 



[0 1 1 6] 01 7&, 05©«Ftt*fcoai6ii*«E 
§2D-^1iji©7*7i/l/XDC ; E-^*ffl^T, 

#ferc©«jst?y >r ^^/-c t t©t- it 

[0 1 17] [i]0tc^-rj:otc, fcftttS Hi, 1ft 0 
fi*. S2(ilft2 0g^, S 3ltmPi3 0mZ, S4 



(11) 



19 



imft4o&w\%.ird&%?3b%o (it, ift3o& 

*®(Om&S 1 > S2!COl^T(i, #f?IE©P-*& 
[0 118] MMfeS lfi, P-*ftg&aj#&4 4© 

aj;b£ilft3ogtL, ->7ha^@^-e-3ogf^p 

Lfc (30gl£-tf-fc) £>©l?&3o $$14S2(i, p 
-*&W®l)i¥&4 4©tti*l£lft3 0&i:L, ->7h 

i£@5rc— i omnQirc$><DX'$>?> 0 

[0 1 1 9] £fc. *»Kfel^Tt4» EP*P«EI<JSiJ¥g 10 
1 0 1 OtHfl L 1 £?®)?-®]ft£-ti\ 3 i: S 4 

[0 1 2 0] 01 7 0tS**»6, 0ls»ttlftOfiO« 
±B8 0 0 0 r pmfre>lft 4 OgT'9 5 0 0 r pm'X 
t 1 5 00 r pm7-yytTV^ 0 hllttlX 
(J, 7 8 00 r pmT*lt«-r«i:» 1ft 0 £©1* h ;!/ 
^%1 (0. 4N-m) fc-T5fclft4 0gT?tt, Ztl 
©$5fg(l. 9 8N -m) ©h/l/*£f#tV<5 0 

[0 1 2 1] 01 8(2, 60 00 r pmT*lft0££M 
LfcttWt-^^fcjfx-f^^T'&D, 019fi, 20 
60 00 r pm-e3tftfl*$SUfcttO-fy^-*a 

[0 12 2] C©t§£, 01 8^©E Hi, 
h;U* 1 N • mf\ E 2 (J, t-*&ffh/l/*2 N • m 
T\ E3{i, €-:?ftffih;]/*3N • mT% ^ft^tl, 
1ft * 2 0 fifr 5 4 0 g 8: o B#©€- * & 

So 

[0 12 3] Sfe, 01 9*©F Hi, h;l/ 
^lN-mT\ F2&, t-*ftffi h/P* 2 N • mT\ 
F3«\ *ftffih/l/*3N -mT\ ^ft^tU 1ft 30 
£2 0gfr5 4 0g£?1iofcB#©^y/W^T& 

[0 12 4] cneolSft^S, lft£2 OJgfr5>4 0 
g^lftfcBf©*-*^*, 1. 5%ggffiTU ^ , 
0. 5 %8SfiT1-*fc»»&jft*T 
2 %gg®TLTV3 C fcffW*. 

[o 1 2 5] w±*»5?j«j:3t, auroiKtftta* 
msr-a^h/i/^/co©*-*^ 

[0 12 6] &4b\ **j6Wfc:*Vvctt, 

Vw-u(gain) = (1+Rz2/R3) • 
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[0127] sit* ^-zmmmzk-Dxvjy*® 

[0 12 8] (3M3) WTt*aWO*«i«l3fcO 

[0 1 2 9] 02 0&, 1 t§^©ii*i# 

15 (SB 1 ©t|«¥g) 8 0 a ©{t!l©4il£0J£*-f IUS&0 
?-£6o 4*. £12, i!3©igif§^l&8 0b, 8 0 etc 
o^Ttiu C©3S 1 ©J8«^g8 0 a fcRfcfcflWtSft 

[0 13 0] W^-fc^tc, *3feSfi{Wfc*tt5P- 
*GEU£tH^f£4 4tt, BuiKL/cH^I 1 ©P-^fiS 
fctfi^g 4 4 ©IH Oiffi^S 8 0a ©fiftt 8 2 Ktt 
U tt0J£, n{@ (ntt2W±©Sft) ©yf y«9!f 
X. #139 0 1, 9 0 2. . . 9 0n£8B&Lfct»©T'S 
§o CtlSy-f 9 0 K 9 0 2. . . 9 

Onti, fctl^U fflgiJKf&ttfcnffl 
©01ilP*EWSiJ^S 101, 102... 10 rKDftfj 
LI, L2. . . Ln(Cgo%vC, f*r£©*^5 y:?"T* 
[0 13 1] *-*BJjta«E*«giJ*«nffl0ffl 
iD*EWgiJ¥S 1 0 1, 10 2... 10 nlCD^Xltl 
®t%o 02 Hi, 91j!lPSE¥iJg'J¥S©^fiK^J*^-ri5I 

[0 13 2] mmiCKt&ofc. BrS©ra-r>rit* 
j*3rrS»^IEV0tt» nfB©it^§§3 0K 3 0 
2. . . 3 0 ntcA*l£ti3c -€"LT, nffl©lt®i§3 
OK 3 0 2. . . 3 0ntCj;D, ^©^SEVO 
t. n<S©y-r^»3t^lS9 0 K 9 0 2. . . 9 
0 n dM *) * ^ 5 yy*W&+& n li©g?P«E V 

1, V2. . . Vnfc*<Jttfc**U High«ES/c 
ti, LowtEOMtLK L2. . . Ln*TO 

[0133] 02 o(;:^i-j:9tc, vjym^ms. 

9 0 Hi, &tri9 l l i:, 7tonY7f9 2 l i:^ 

^t»tx?IS9 0 2. . 9 0nt, ^tl^'n, SM9 l 

2. . 9 l nt 7tP^*X-r-yf"9 2 2. . 9 2 n 

l. . 9 2ntt, ^n^-'tl, €-*9ljtaSE*WSUf5 
0lftlSEWgiJ¥g l 0 l . . I 0 n ©HJ^ff^ LI.. 
LntC<fc^T*y, ^7L, CtltCcfcOSMg ll.. 

9 1 n##ii, iNiara. cc-e, &M8 1 =R3, 

S}n8 2 = R4, nffl©gM9 l l. . 9 l n = R5 l 
1. . R5 1 nttZt. SlO*ffi#S8 0a<DW* 
Vw-u(gain) (i, 

Vw-u ... (22) 
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Rz2=l/ (1/R4 + 1/R5 1 1 
fSSfcLT, (1 +Rz2/R3) <DitX-fe£Z 
ifgsts-tftNSStU Vw-u <Vw-u(gain) £%&WMt 
BE*»Tlr*4. ftoT, n flcDStfi 9 1 1. . 9 1 n = 
R5 1 1. . R5 1n%. 7tP40U-y^9 2 1. . 
9 2nfc<fcoT#i§, IfiliiK^IO^-SCfctioT 
(2 3) 3©£JiRfiSiRz2*nr£S-&x (1 +Rz2/R 

3) ©]ti?je**Jt(i**a«wic«ii*cfctf"ct * 

Vw-u(gain) = (1 + R4/Rz3) • 
Rz3=l/ (1/R3+1/R5 1 1 
£&So SSHkLT, (1+R4/Rz3) ©JtT'^SS 
ig(i$T*iHi?tU Vw-u <Vw-u(gain) £%&&R9£ 
ffi*HTV>*. fif^T, n{@©&ta9 1 1. . 9 1 n = 
R5 1 1. . R5 1n^ 7tP?X^>y79 2 1. . 
9 2 nfCfc^TaSil, l^ltC^JO^A^C ilCioT 
(2 5) i£©$$&taRz3£pJg£-fc!\ (1+R4/R 

z3) oJte^**iffli***A*ci:*«i»**. 
cft*H2 0©«j«fcffi£fo-i2'Tffl^Tt>J:i\, cftfc 

cfcoT^e-^ji^tc, ai£«H*8i8WKJ£*£-fr3 

CfctfnTII&fcfcS. 20 
[0136] (gffliffll 4 ) WTt*»lflOll«W 4 (CO 

[0 1 3 7] 12 2li, *«Wtc*5^*91j!lP«EWgij^ 

[0 13 8] PBfc^-rj^fc, M^t 
feHStflPi2 091jWtEWgiJ#ai 0 1 fc, tXf'J'^ 

[ass 1 1 omnat.nx^o 

[0 13 9] C©fc7r •Jv'XIhIS&I 1 Oti. ±fc, it 
$$§§4 0 2t7'J-y77P-y75 0 1 fcte<fct>TflljSS 30 

[0 14 0] Jt«Sg4 0 2©+A;WS?£ti, flftM©T 

a-fYtt*satf*»^iffvo*<x*«n, -Aft 

*^*nSo ^LT, J£«S§4 0 2T'H\ tf?«EV 
Ofc^^VHlttfJtKSft, VH1<V0©R$(CH i 
gh«EtftBft£ft, VHl^V0©^fCLow«IE^til 

[0 14 1] 7U>y77P-y75 0 lti, -fV-tvht 
^■J7Mt©DS7U>y77o>y7T\ &£Lfcr-* 40 

(D) . 7'J-t-yK (PR) , *D7 (CD , *a«y 
* (CLK) kf}t. P77'J^7^'JtUylQ, NOT 

[0 14 2] r-* (D) i:*Dy* (CLK) tt, G 

NDfcXft^n, Low«EEfca^?nr^So ^u-t 

•y h (PR) fcfi, 0An«E*J9J¥8 1 0 1 <Di±¥^g§ 3 
0 l©littjC ltfArtSn, ^U7 (CD fc(i, tt« 
§§4 0 2©t£jftC2tfA*l£tl, W^NOTQft^©© 
Hi, 312, ^3©^rV>§J0tx#©9 0 a, 9 0 
b, 9 0c\Aft*ft*o SttEfilVO, VI, VH1 50 



+. 

* 5c 
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[0 13 4] $/c, nffl©^V>^O^X.¥S9 0 
1. . 9 On*, IU©t§*I#!88 0a©}gtfL8 HcM 

J>JSMLTfe|3iaHi:*l(i**Si{.*ct*«Tt*. 
[0 13 5] C©*§£, fn©8(S¥88 0a©HJ*lV 

w-u(gain) (J, 

Vw-u ... (24) 
+. . +1/R5n) ... (25) 
li, V0 («Ali) >V l >VHi©m&K:*3«fc5f&£ 

[0 14 3] B2 3«, tfc^gs 3 0 1,4 0 H5«fctf7 
'J-y77P-y75 0 1 ©Am*J©IS&£*-r0T*fc3o 
[0 14 4] |SI0{C^t<fc3{C, ^SEVO^Low 



^;l//)^ii:WL, VI, VHUDfg^t^ (ttll) 
lt$X§5 3 0 1 ©tBft&H i g h«E (H) fcft 
0, Jttt84 0 2©tii*HiLowSE (L) 7 
U-y77P>y750 1 ©ai7JNOTQfiH i ghttEk 

[0 14 5] *fc» Jgft*EV0rt<VHUDSKftt>fc 
(#182) fctt, JttSES3 0 l©tBft(iH i g h« 
E, Jt«S4 0 2©ai^t.Hi ghttEk&O, 7'J>y 
77P7750 l©aiylNOTQliH i g httE£& 

So 

[0146] C C T\ NOTQtfH i gh«E©*£* 

n©wy {mmtt\m<»>f'(y) tu low 

®E©i§££3S2©4-V7 ^Oi^iifeWy) fc 

[0 1 4 7] ?e,K*gft«EVOtf±#U VI, VH1 
CRffi3) fctt* tfcK883 0 1 ©ffl 
TliiLowttEk*^, ttf5§§4 0 2©ai^tiH i gh 
®E£&9, 7U«y77P«v75 0 l©ttl7jNOTQtt 
LowtEi:4§o COit, *S©y-f 

gtct^T, ^2©y-ryt^o^x?.n, vo©i* 
ttsr*ii©®2©y-r>T*ae*nSo 

[0 14 8] jg^EV Otf H i g h 
T#U V 1 «fc9ffiH§S (KIR 4) fctt, i£fixS§3 0 

l©Hl73tiH i gh«E£:&9, JtlS$4 0 2©ffl*jli 
H i gh«Ei:&D, 7U>y77P>y75 0 l©tti73N 
OTQttLow^EJC^-yf'SftS. 

[0 1 4 9] SSfclig^EVOtfTflU VI, VH1 
«fc9ffi<4ofc*S (tt»5) fcti, J*$$g§3 0 l©a 
flttH i gh*Efc49, Jt«84 0 2©tftfjttLow 
*Ek&9, 7'J-y77P-y75 0 1©I±J7JN0TQ« 
Hi ghttEk&So C©kf, agO'/V 
#g(cj;oT, tgl©y>ryfcW»>g*5ft, V0©1 

/NgST-c©^ i ©y^7T*afe?n5o 

[0 1 5 0] 02 4 (±, ***«|©T-N«H4«^"ry 
v7T'S§c C©^77fCtt, Jl^ttEVO©! 
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*<I£fa-f-flfcl oo%tirctz. %l<DfJy 
9) *) 9 0 a ©9J *) H*. $4 $ > 

*P*EVH1=8 0%£:U «B*AOlES{C«toT3 0 

[0151] B2 44», Allt fa- 0%, 
l&3 0g{C&tt5^-*$&14, A2(i % fa-f^ 
J±9 0%, 38ft4 0*Kfe»J*^-*«»tt» A3fi, 
fa-f -f Jtl 00%, 1«M 0«K:fctt**-*»tt 
14, A 4(2:, fa -f -Tib 80%, itMOgtCfcttS 10 
A5»i» fa— f-f it 8 0%, 1^3 0 

[0 15 2] TOC^TiotC, fa— tVJ££±#£ 

tfTI/KJf^fcfi, f a-f Yit3^0%3&»6 9 0%lc& 

sst, jtft3oa"eatg*n*. t&*> 

fa— r^lt#'9 0 %*$©££&, A 

i©rtim w^oxm) ©fH#oHE*ft*. 

[0 15 3] f a-f -rlttf9 0%fC&§fc, lft#3 
J£jb<9 0%©$£, €—^<0|Hl(Ea^±SLTA2O» 20 

WttlfcfMr-f*, -f&fcS, f a-f fJt#90%© 

[0 l 5 4] ^LT, fa— f ^it#9 0%*^ l 0 0 

%$t\ jift4oaT*ae*n*o £©*§£ 

{C(±, €-^(±, A2fcA3©H©S«T'ilfe£ft5o 
[0 l 5 5] fa-f Yit*TI***Tl/^<»*lCtt, 
fcXf 'JS'XIslBl l 0(cj:D, Jta©0D#;t*^ 
y^, ±#B#©f a— 7Vtt9 o %^e> 8 0 %fc£! 

[0 l 5 6] ftoT, fa-f-flt*TK*-frTV<J8 30 
&{Cfi, fa— 0 0%frP>8 0%{C&3£ 
T\ Stft4 0»T?JHE*n*. T&b^, f 

a-f-fJt^8 0%*i8ilSi:*«, A3i: 
A 4©ll8©SBJST*jKE;£ft<5o 

[0 1 5 7] f a-f Jt#8 0%fC&3i:, lft#4 

oa^e.3oa(c^Dtt)0, cntcio, fa-f-c 

Jt*<8 0%©$3:, *-^©laltea««TBLTA5©« 
WttxfcSfrf*. Tftfr^, fa-f Jttff 8 0%© 

[0 l 5 8] ^LT, f a-f-f Jttf8 0%fr£0%£ 40 

•e, mnso&xw&znzo c©t§£fc 

(i, A5©rtiJ W77<D%&M) <DffiM? 

[0 l 5 9] £©£?(;:, ti^ttffVO 
Xf U^^t/c-frSCfctii.toT, a&?EB©i£*£ 

[0 l 6 0] ftfc, *£S6WC«\ HM>J2©Bian«E 

i o i tt^f u^@b i i omnaznx 50 
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ftLtcZtm 3 © n ffl©B]Jta«EWgiJ¥S l 0 l . . I 

0 n IC ft LT n ffl© H Xf U i/Z®&%tt)a IX t <fc 

[0161] (gftfl 5 ) UTfc*8ft©*ftfll 5 ICD 

1 ^xmrnrnzms txmmt z 0 

[0 1 6 2] 02 514, *H^©^7^bXDC€-^ 
©KI(l«S©ffiBl»JW¥S4 5©«j8«**-r:/ay* 

mx&Zo 

[oi6 3] mmicfrst&oic, mmi'm^&i sti, 
tt^uxdc^-^m o<Dmmm>^-y*BHj 

TPWMf 3>y7*X fa>y7*7© 

Jt*«lft^tS (f3«y7*X f 3^7*7 ©ifrlHi 
Bit) PWMff^P l£ffl*t3PWMfir<»8 (PW 
m%4@^) i ot. =f-n«j1*y®m-®.i 1 ffl 

mmmm 2 xy ^tfi#s7 3 txm^ti 

[0 16 4] **fifiMT*ti. P-^fil^tH#S4 4© 
ffiy^J (JKffiffiBM^) Up , Vp , Wp tf, ftia 
f ■a«j'?*y\gLmWL7 UcioTPWMf a-y^W 
©^3 y7*ymK&fc-eT&tH£ft5o 

[0 1 6 5] ^LT, MttffiSK¥S7 2fcj:0, ffl* 

>w-yR£®m<m&<omim*z--y\&-hfc£ 
t>#x. ?3v?*y®m®7 i©ffl*©M»«*<a 

[0 16 6] xy$>ttffl#g7 3li, C©r»1)KISl^¥ 
S7 2©ffl* (BHttffilS^) P2©9^©^gi:t5fi 

*©-jS-e©xy («ifflt*) o c©x 

y^ftffl#g7 3©ffl* (ttfflfif) P4*J:tfPWM 

»@ssi o©ttS7i (PWMfi^) p iti, eti^en, 

ffl*/^->R4@B9KA*«tl*o 
[0 16 7] ^LT, ffl*/^->f§4lHlSS9^e,, ^ 

<Dwmm> ytM y*- * f 7 w yiaiK 8 1 a* 
^©ffiftM^^-^KS^t, m^y^-zv 

yJ7®m8lc&<0, jy^-Z 4 3<D&hyyi?XZ 
Ta+, Tb+, Tc+, Ta-, Tb- , Tc-« 

[0 16 8] @2 6«, f 3-y7^y^ffl¥S7 1, P 
Jftffi3iJR¥f&7 2**tfxy5?*ffl*a7 3©^^J^ 
*t@BH, H27tt, B26fc^-f@g&©!btt*jS* 

[0 16 9] cne.©0tc^-rj:3tc, fB-yy^y^ 
ffl^S7 1 ti, Huf2a-^fiEg1tffl¥S4 4©ffl*Up 

, v P , w P mvamm d tmLmwmuv 
s, v P s, wpsizgm stcmmm*-?? 7 o a, 7 

0b, 70c£, 3"3©AND0Bl 0 1, 102, 1 
03fr6&SANDf-h 1 00i:, 3O©EX-0R 
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SSSllK 112, 1 1 3fr£&3EX-0Ry-h * 
1 1 OfcT?fllJS2fta. ANDy-h 1 OOfCtt, MfE 
fctMt*fUps» Vps, Wps£, MfEPWMffl*fP ltfA 
*?n*. ANDY-M OOft^ti. PWMff^P 1 

Xfl^f) Ups+ , Vps+ , Wps+ A^5tl«. ^©1 
H3;f4, TIE (2 6 a) , (2 6 b). (2 6c)^0 

[0 17 0] Ups+ =Ups- PI... (26 a) 
Vps+ = Vps- P 1 ... (2 6 b) 10 
Wps+ =Wps • P 1 . . . (2 6 c) * 

Ups- =N0T (Ups* ) • P 1 +Ups+ 

Vps- =N0T (Vps+ ) • P 1 +Vps+ 
Wps- = N0T (Wps+ ) - PI +Wps+ 

[0 17 2] CCT% NOT (Ups+ ) , NOT (Vps 

+ ) , not (wps+ ) , not (p i) a, zn? 

ft, Ups+ , Vps+ , Wps+ , P KDftfeZmto 
[0 17 3] Cft?>-r-*fi^Ups+ > Vps+ , Wps+ 
, Ups- , Vps- , Wps- (4, =f-aV7*ymmzM 20 

[0174] mmmtv 2(4, r-mmi 2 

1 3O©AND@IS2 0 K 2 0 2, 2 03fr6>& 
SANDy-h2 0 0fc, 0RY-h2 1 0£T'$$2 

ft5 0 

[0 17 5] r-*{t*IUps+ , Vps+ , Wps+ , Ups 

- , vps- , wps- 14, T-mnmi 2 \ <DT-m 

%£LTr-$mm \ 2 HcAftSftSe 
[0176] — 77 . C©liI»ffigft¥S7 27?ti, fflft 30 

ad+, Tbd+, Tcd+, Tad-, Tbd-, T 

c d- ics-^t, jsmsmmns 1 , s 2, s 3# 

£fi)c£ftSo 

[0 17 7] C©«^, Htfj/<*-:/«£igB9j&»5ttl 
7j-£ft3Igfjfl#'^->Tad+, Tbd+, Tcd + 

, Tad-, Tbd-, Ted- 14, AND J f— h 2 
OOKA^ft, c©ANDy-h2 0 0{Ccfc»), ft^f 
Kl, K2, K3tfM?tl5o Cft^jl^KK K 
2, K3t4, ORy-h2 1 OfcA^I^ft, ORy'-h 40 

2 1 OfCcfc'K m^smtos ltf&ssns. i 

fc, Fffltil^^ S 2 LT, mm'W->T b 

d+ *«fflu mmmftms 3ttx, t c d+ * 
$ffl-rs 0 ki, K2, K3*>\fctfs ; e 

ft^ft, (2 8 a), (2 8 b), (2 8 c) fccfctf 
(2 9) S©aOT*feS. 
[0 17 8] 

Kl=Tad+ • Ted- . . . (28a) 
K2 = Tbd+ • Ta d- . . . (2 8 b) 
K3 = Tcd+ • Tbd- ... (28c) 50 
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EX-ORy-h 1 1 0(c{4, m}!Sr-2{I^Ups+ , 
Vps+ , Wps+ £, fufEPWMfl^fP l^A^J^ftS. 
EX-ORy-h 1 1 0fr?>{4, HfflBPWMff^P 1<D 

9s v7*ymm<Dmf8.ft\jps+ , v ps + , w ps + t 

ttLxniSMX'*ti?ti 1 8 Og&tBOlftfcf-a y 7 

*>mm<oim&ft£Lx, x-^fi^u ps -, v ps - 
, wps- ^m^stiSo f-©nasti, tie (27 

a), (2 7 b), (2 7 c) a©iI9T*&5o 
[0171] 
[&2] 

•NOT (PI) • • • (27a) 
• NOT (P 1 ) • • • (2 7b) 
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